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SUMM1ARY
The objective of this study is to develop a simple empirical estimate for predicting the variation with depth of a scalar concentration field in the wake emitted by a submarine operating beneath the ocean surface. This study treats only that portion of the wake field for which the initial effects of sub generated turbulence have diminished, and for which the effects of ocean turbulence and scalar field size are the primary factors affecting the process of scalar diffusion.
After the wake is I to 2 hours old, the subsequent wake diffusion is dominated by horizontal transport processes, vertical diffusion being inhibited by the effects of ocean stratification. The horizontal diffusion coefficient, K, has been shown by Richardson and Batchelor to be proportional to the 4/3 power of the diffusion scale, z, K = az/.
The constant of proportionality 'a' is evaluated from near surface ocean diffusion data in Section 2 of this study. This parameter is also evaluated at a depth of 300 meters from the one available piece of ocean diffusion experimental data in Section 3. It is shown that there is an apparent decrease in 'a' (or the Finally in Section 5, it is shown that peak scalar concentrations from a sublike source will be larger at 300m depth by approximately a factor of 3 than from a source moving near the surface. 
INTRODUCTION
The rate of diffusion of a passive scalar, emitted by a submarine into the ocean, is determined by ocean turbulence and the size of the scalar field once the initial effects of sub-generated turbulence have diminished. This initial sub-dominated period corresponds to a diffusion time of less than I to 2 hours. As noted by Ko and Alber(1), tWe subsequent wake diffusion is dominated by horizontal transport processes, vertical diffusion being inhibited by the effects of ocean stratification. The horizontal diffusion coefficient, K, has been shown by Richardson and Batchelor (on a theoretical basis) to be proportional to the 4/3 power of the scale of diffusion z
is a constant with units of [cm2/3]/sec, with Z measured in cm. If the scale of the diffusing substance falls within a portion of the ocean turbulence spectra characterized by an inertial subrange (with dissipation rate 0), then the diffusivity coefficient, K, and its constant, 'a', can be related to the dissipation rate, e, by the relation
The parameter, A, appearing in equation lb is assumed to be a universal constant, independent of c.
If it can be shown that A is indeed nearly a universal constant, and if an independent means is available for determining thc variation of c with depth in the ocean, then it is possible to obtain an estimate of the variation of the diffusion coefficient, K, with depth. By estimating the depth dependence of K, one can then determine the change in the concentration field, S(t), of a passive scalar emitted by a source at various depths in the ocean. It is with the objective in mind of predicting the variation of a scalar con., centration field with ocean depth, for which this study was initiated. are examined to determine the best estimates of the overall diffusivity parameter, 'a'. This parameter is also evaluated at a depth of 300m from the one available piece of ocean diffusion experimental data (Reference 3) in Section 3. From these observations and data on the variation of the turbulence dissipation with depth, the universal constant, A, is determined in Section 4 and shown to be nearly independent of depth. The Conclusions of Section 5 recapitulates the important empirical and theoretical formulas necessary to calculate the variation of a scalar field concentration with depth. 
where ac2 f re2S(t,re )27rredre4 S 2 wredre = 2 axay 00 re = radius of circle with area equal to that within an isoconcentration contour of value S
The depths of the dye patches analyzed by Okubo varied from 2 to 60m beneath the surface of the ocean.
From simple diffusion theory, the horizontal diffusivity coefficient, K, of a circular two-dimensional patch, with variance rrc2, is given by
Hence the diffusivity K based on Okubo's correlation is K = .0063t 1 .34 (4) To calculate K in terms of a characteristic scale, x, it is assumed that The variance arc2 of the dye pool at a giventime, t, cL be determined from a semi-log plot of dye concentration, S, vs. the square of the effective Table I Table I ). 
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The interesting result found from combining the data from several different sources is that the value of the universal constant A is nearly constant with depth, within a range of 10 -15%.
This result is not a direct proof of the validity of the diffusion law K = AE1/3 4/3 since the dissipation rate and diffusion coefficients were not measured at the same location. Further, the hot film data of Grant, Moillet and Vogel 7)
taken from a submarine in 700m water indicates a much higher near surface dissipation rate which would yield a value of A nearly 3 times that given in Table 1 .
Whether this data is a local phenomena related to measurement technique and near surface flow behavior awaits further clarification.
The only data for c extending from the surface to at least 300 meters in depth is that of Webster. His data shows a factor of 11 decrease in c with depth which corresponds to a decrease in the diffusivity factor, 'a' (-~1 The variance of a dye or scalar patch varies with c and time as Thus the peak concentration for a given time after release will decrease inversely with e for a point source and c1/2 for a line source. Hence, peak concentrations will decrease much slower with time at depths than ( near the surface, and hence will be significantly larger than near the surface; 
